A Gram-stain-negative, aerobic, motile, flagellated rod-shaped bacterium, designated ST58-10 T , was isolated from an estuarine sediment in the Republic of Korea. The strain was able to degrade benzene. Growth of strain ST58-10 T was observed at 4-35 C (optimum, 20-25 C), pH 5-9 (optimum, pH 7-8) and 1-8 % NaCl (optimum, 3 %). Phylogenetic analyses based on 16S rRNA gene sequences showed that strain ST58-10 T formed a phyletic lineage within the genus 
The genus Marinobacterium, a member of the family Oceanospirillaceae of the class Gammaproteobacteria, was first described by Gonz alez et al. [1] with Marinobacterium georgiense (type species) isolated from marine pulp mill waste enrichment. Later, Pseudomonas stanieri [2] and Oceanospirillum jannaschii [3] were reclassified into the genus as Marinobacterium stanieri and Marinobacterium jannaschii [4] based on phylogenetic analyses of 16S rRNA and gyrB gene sequences. Members of the genus Marinobacterium are Gram-negative, contain C 16 : 1 !6c and/or C 16 : 1 !7c, C 18 : 1 !6c, and/or C 18 : 1 !7c and C 16 : 0 as the major cellular fatty acids, ubiquinone (Q-8) as the major isoprenoid quinone, and have 54.9-62.5 mol% DNA G+C content. The genus Marinobacterium contains 13 type species with validly published names [5] , which have been isolated from marine habitats such as tidal flat [6, 7] , marine sediment [8, 9] , seawater [10, 11] , rhizosphere of the coastal tidal-flat plant [12, 13] , marine organisms [14] and pulp mill waste [1] . Recently, three more species have been reported [15] [16] [17] .
During an exploration of aromatic hydrocarbon-degrading bacteria from marine environments, strain ST58-10 T , capable of degrading benzene, was isolated from an estuarine sediment (34 56¢ 10.81 † N 128 17¢ 57.90 † E) in Republic of Korea. Briefly, fresh estuarine sediment was resuspended and serially diluted in 2 % (w/v) NaCl. The diluted samples were spread on marine agar 2216 (MA; BD) and incubated at 25 C for 7 days under aerobic conditions. The 16S rRNA genes of colonies grown on MA were PCR-amplified using universal primers, 27F and 1492R, as described previously [18] . The resulting 16S rRNA gene sequences were compared with those of validly reported type strains by using the EzBioCloud server (http://www.ezbiocloud.net/; [19] ) and a putative novel species belonging to the genus Marinobacterium of the family Oceanospirillaceae, designated strain ST58-10 T , was selected for further phenotypic and phylogenetic analysis.
The 16S rRNA gene amplicon of strain ST58-10 T was ligated into the pCR2.1 vector using a TOPO cloning kit Author affiliation: National Marine Biodiversity Institute of Korea, Chungchungnam-do, 33662, Republic of Korea. *Correspondence: Kyunghwa Baek, kyunghwabaek@mabik.re.kr Keywords: benzene; biodegradation; estuary; Marinobacterium. Abbreviations: ANI, average nucleotide average nucleotide; GGDC, Genome-to-Genome Distance Calculator; ML, maximum-likelihood; MP, maximumparsimony; NJ, neighbour-joining; Q-8, ubiquinone. The GenBank accession numbers for the 16S rRNA gene sequence and the whole genome of strain T are KU886021 and CP015839, respectively. Three supplementary figures are available with the online version of this article.
(Invitrogen) and sequenced with the M13 reverse and T7 primers of the pCR2.1 vector to obtain longer 16S rRNA gene sequence information. The resulting 16S rRNA gene sequence (1541 nucleotides) of strain ST58-10 T was manually quality-checked and compared with closely related type strains. The 16S rRNA gene sequences of strain ST58-10 T and closely related taxa were aligned using the fast secondary-structure aware infernal aligner available in Ribosomal Database Project (RDP; http://rdp.cme.msu.edu/; [20, 21] ). Phylogenetic trees were reconstructed according to three different methods, which were the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithms using the MEGA6 program [22] . For the NJ and ML trees, matrix distances were calculated with Jukes-Cantor model and the resulting tree topologies were evaluated using bootstrap analyses based on 1000 resampled datasets.
Comparative analysis of the 16S rRNA gene sequences showed that strain ST58-10 T was most closely related to Marinobacterium profundum PAMC 27536 T (99.6 %) and Marinobacterium rhizophilum CL-YJ9 T (98.3 %), to other members of the genus Marinobacterium (94.5-91.5 %), Nitrincola (<94.4 %) and Neptunomonas (<93.2 %). The phylogenetic tree reconstructed by using the NJ algorithm showed that strain ST58-10 T formed a phyletic lineage within the genus of Marinobacterium (Fig. 1) , which was also recovered by the phylogenetic inferences based on the MP and ML algorithms. To estimate genome-based phylogeny, the genome of strain ST58-10 T was sequenced. The whole genome of the strain ST58-10 T contained 5.2 M bp with a DNA G+C content of 58.78 mol%. The degree of genome-based relatedness between strain ST58-10 T and M. profundum PAMC 27536 T and M. rhizophilum CL-YJ9 T was determined by both an average nucleotide identity (ANI) value, following the BLAST-based ANI calculation method described by Goris et al. [23] , and the Genome-toGenome Distance Calculator (GGDC) described by Auch et al. [24] . The mean value estimated by the GGDC was 30.9±2.8 % with M. rhizophilum CL-YJ9 T and 50.6±7.4 % with M. profundum PAMC 27536 T , respectively. The ANI value between strain ST58-10 T and M. profundum PAMC 27536
T and between strain ST58-10 T and M. rhizophilum CL-YJ9
T was 89.0 and 85.6 %, respectively. It is below the proposed cut-off ANI values of 95-96 % for delineating bacterial species [25] . These results indicate that strain ST58-10 T can be considered as a novel species in the genus of Marinobacterium.
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Growth of strain ST58-10
T at different temperatures (0, 4, 10, 15, 20, 25, 30, 35, 40 and 45 C) and pH (5-10 at 0.5 pH unit intervals) was assessed in marine broth (MB; BD). MB with pH below 8 and pH 8-10 was prepared using Na 2 HPO 4 -NaH 2 PO 4 and Tris-HCl buffers, respectively. After sterilization, pH of the MB was adjusted again if necessary. Growth of strain ST58-10 T at different NaCl concentrations (0 to 10 at 1 % (w/v) intervals) was tested in MB without NaCl prepared in the laboratory according to the BD formula. Cells of strain ST58-10 T cultivated on MA for 2 days at 25 C were used for the following physiological and biochemical tests. Gram staining was investigated using the bioM erieux Gram-stain kit according to the manufacturer's instructions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck) and catalase activity was tested by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution [26] . Cell morphology and the presence of flagella were investigated using phase-contract microscopy and transmission electron microscopy (JEM-1010, JEOL) with cells from an exponentially grown culture in MB at 25 C. Anaerobic growths was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 25 C for 10 days. The following properties of strain ST58-10 T and reference strains were evaluated in parallel under the same conditions at 25 C. Hydrolysis of casein, starch, aesculin, Tween 20 and Tween 80 was investigated as described by L anyi [27] using MA as the basal medium. Additional enzymatic activities, biochemical features and oxidation of carbon sources were tested using the API ZYM, API 20NE kits (BioM erieux) and GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers, respectively. Susceptibility testing was done using the following antibiotics (g per disc) with commercially available discs (Rosco): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30) , nalidic acid (30), penicillin G (10), rifampicin (5), streptomycin (10), tetracycline (30) and vancomycin (30) . The effect of antibiotics on cell growth was assessed on MA at 25 C for 3 days. The biodegradation ability of strain ST58-10 T , M. rhizophilum CL-YJ9 T and M. profundum PAMC 27536 T were evaluated in 160 ml serum bottles containing 2 µl benzene in 10 ml ONR7a [28] at 25 C for 120 h aerobically. Uninoculated serum bottles were prepared as negative controls. The benzene and toluene concentrations in the hexane layer were measured by using a gas chromatograph (Agilent 7890 N) equipped with an HP-5 capillary column (J&W Scientific, 30 mÂ0.32 mm I.D., film thickness 0.25 µm) coupled with a flame ionization detector.
Cells were Gram-stain-negative and motile rods (1.9-2.1 µm long and 0.6-0.8 µm wide) that possessed a polar flagellum (Fig. S1 , available in the online version of this article). Anaerobic growth was not observed after 10 days of incubation at 25 C. Cell growth was observed at 4-35 C (optimum, [20] [21] [22] [23] [24] [25] C), at pH 5-9 (optimum, pH 7-8) and 1-8 % (w/v) NaCl (optimum, 3 %). Catalase and oxidase tests were positive. Other physiological and biochemical characteristics of strain ST58-10 T are given in Table 1 and in the species description. The strain could be distinguished from the two reference strains by absence of esterase and presence of lipase activities. Furthermore, the biodegradation test showed that strain ST58-10 T was able to degrade benzene, however M. rhizophilum CL-YJ9 T and M. profundum PAMC 27536 T degraded benzene weakly or not at all (Fig. S2) . The genome sequence (GenBank accession: CP015839) of strain ST58-10 T also showed that it contained a phenol hydroxylase (A8C75_10390, A8C75_10400, A8C75_10405, A8C75_10410, and A8C75_10415) responsible for the biodegradation of aromatic hydrocarbons.
The DNA G+C content of strain ST58-10 T was determined via whole-genome sequencing. Polar lipids were extracted, resolved by two-dimensional thin-layer chromatography and identified as described by Minnikin et al. [29] . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdophosphoric acid, ninhydrin, molybdenum blue spray, a-naphthol and Dragendroff's reagent. Isoprenoid quinones were extracted according to the method of Minnikin et al. [29] and were analysed by using a high-performance liquid chromatograph (model LC-20A, Shimadzu) equipped with a diode array detector (SPD-M20A, Shimadzu) and a reversed-phase column (250Â4.6 mm, Kromasil, Akzo Nobel) as described previously [30] . Strain ST58-10 T and two reference strains were cultivated on MA at 25 C for 24 h for the analysis of cellular fatty acids. The fatty acids of the cells were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. The fatty acid methyl esters were analysed by gas chromatography (Hewlett Packard 7890) and identified by using the TSBA6 database of the Microbial Identification System [31] .
The genomic DNA G+C content of strain ST58-10 T was 58.78 mol%, which is in the range of DNA G+C contents of previously reported type species of the genus Marinobacterium. The major polar lipids detected in strain ST58-10 T were phosphatidylethanolamine (PE), phosphatidylglycerol (PG), three unidentified aminolipids (AL1-3), one unidentified glycolipid (GL) and one unidentified lipid (Fig. S3) . The polar lipid profile of strain ST58-10 T was similar to that of M. profundum PAMC 27536 T and M. rhizophilum CL-YJ9 T in that PE, PG and GL were major polar lipids (Fig. S3) . However, the polar lipid profile of strain ST58-10 T was differentiated from those of M. profundum PAMC 27536 T or M. rhizophilum CL-YJ9
T by the presence or absence of some polar lipids, particularly unidentified aminolipids (AL1-3), unidentified phospholipids (PL1 and PL2) and an unidentified aminophospholipid. The sole respiratory quinone detected in strain ST58-10 T was ubiquinone-Q (Q-8), which is good agreement with the major or only respiratory quinone detected in all members of the family Oceanospirillaceae. The major cellular fatty acids (>5 % of the total fatty acids) of strain ST58-10 T were summed feature 3 (comprising C 16 : 1 !7c/C 16 : 1 !6c, 38.6 %), summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c, 22.4 %), C 16 : 0 (18.5 %) and C 10 : 0 3-OH (7.4 %). The fatty acid profile of strain ST58-10 T was similar to those of the reference strains of the genus Marinobacterium; there were some differences in the respective proportions of some fatty acid components (Table 2 ).
In conclusion, the physiological and chemotaxonomic features and the phylogenetic inference of strain ST58-10 T support the proposition that strain ST58-10 T represents its description as a novel species of the genus Marinobacterium, for which the name Marinobacterium aestuarii sp. nov. is proposed.
DESCRIPTION OF MARINOBACTERIUM AESTUARII SP. NOV.
Marinobacterium aestuarii (aes.tu.a¢ri.i. L. gen. n. aestuarii of an estuary, isolated from estuary sediment).
Colonies are white, circular, convex, smooth, with entire margins and are approximately 2 mm in diameter after 2 days of incubation on MA. Cells are approximately 1.9-2.1 µm long, 0.6-0.8 µm in diameter, Gram-negative, strictly-aerobic, flagellated rods. Growth occurs in MB at C (optimum, 20-25 C, bu not at 37 C) and pH 5-9 (optimum, pH [7] [8] [16] . ‡Data from Kim et al. [12] . §Data from Gonzalez et al. [1] . ||Data from Park et al. [17] .
not to ampicillin, chloramphenicol, erythromycin, gentamicin, kanamycin, nalidic acid, penicillin G, rifampicin, streptomycin and tetracycline.
The type strain, ST58-10 T (=KCTC 52193 T =NBRC 112103 T ), was isolated from estuary sediment in the Republic of Korea.
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